The cubic compound PrTi 2 Al 20 is a quadrupolar Kondo lattice system that exhibits quadrupolar ordering due to the non-Kramers Γ 3 ground doublet and has strong hybridization between 4f and conduction electrons. Our study using high-purity single 
Orbital degree of freedom in strongly correlated electron systems leads to rich variety of nontrivial phenomena, such as colossal magnetoresistance, orbital ordering, 1) and spin-orbital disordered states.
2) In particular, for the study of topical subjects of d-electron systems including high-temperature superconductivity and frustrated magnetism, orbital arrangement has been found to provide an important basis to understand the underlying electronic and spin structures. This is because of the strong coupling between orbital, spin and charge degrees of freedom, which, on the other hand, makes it hard to study purely orbital-driven effects.
Interestingly, however, f -electron systems may provide a rare example of nonmagnetic ground states that have mainly orbital degree of freedom known as quadrupolar moments, i.e. irreducible tensor operators of the total angular momentum J . 3) In particular, cubic Pr and U based compounds with 4f 2 configuration are known to sometimes exhibit a nonmagnetic ground state with the Γ 3 quadrupolar degree of freedom. In comparison with the uranium compounds, Pr based materials have been found to exhibit rich variety of electronic ground state due to quadrupole moments, such as ferro-and antiferroquadrupolar states, e.g. in PrPtBi and PrPb 3 , [4] [5] [6] and superconductivity in a quadrupolar phase in PrIr 2 Zn 20 .
7, 8)
Moreover, for these nonmagnetic states, the hybridization between the 4f and conduction electrons is expected to lead to two competing interactions. One is the indirect RKKY type intersite coupling between quadrupole moments, which may sometimes induce incommensurate modulated structure as observed in PrPb 3 .
6) The other is the two-channel (quadrupolar) Kondo effect that quenches the orbital degrees of freedom and stabilize an anomalous metallic state. 9-11) For Ce and Yb based compounds described as Kondo lattice systems, it is known that the competition between the Kondo effect and RKKY interaction gives rise to quantum criticality and related phenomena such as unconventional superconductivity and non-Fermi liquid behavior. In analogy, novel quantum criticality and exotic superconductivity might arise as a result of the competition between the quadrupolar Kondo effect and RKKY interaction.
In the search for the novel screening effects, pioneer works on the cubic 4f 2 Γ 3 systems 
14)
Furthermore, resonant photoemission spectroscopy has revealed the Kondo resonance at the Fermi level. 17) On the other hand, our thermomagnetic measurements found that the Pr ions have the nonmagnetic Γ 3 doublet and exhibit quadrupolar ordering at T Q = 2.0 K. Inelastic neutron experiments confirmed that the crystal electric field (CEF) scheme has the ground doublet of Γ 3 , which is separated from the excited levels, Γ 4 by 5.7 meV, Γ 5 by 9.5 meV, and Γ 1 by 13.6 meV.
18) It also clarified that the quadrupolar phase has a ferro-type uniform order of the quadrupolar moment O 0 2 , consistent with the ferro-type intersite coupling found in the ultrasonic measurements, 19) and the absence of internal magnetic field confirmed by recent µSR measurements.
20)
Hybridization effects between the quadrupolar moments and conduction electrons are inferred from the magnetic properties above the ordering temperatures, such as the −T 1/2 dependence of the susceptibility and T 2 dependence of the resistivity.
14)
Here, we report the observation of the superconductivity at 
LaTi Al 2 20 CEF Calc. strong hybridization between 4f and conduction electrons.
Single crystals of RTi 2 Al 20 (R =Pr, La) were grown by an Al self-flux method in a sealed quartz tube, using 4N(99.99%)-Pr, 3N-La, 3N-Ti and 5N-Al. 14) Single and powder X-ray diffraction measurements found the single phase. For the resistivity measurements, long thin plates are prepared to reduce the error (< 10%) in calculating the resistivity and an ac four-probe method has been employed. The average value at room T resistivity ρ(300 K) is found consistent with the one reported previously 14) and is used to normalize ρ(300 K). The ac-susceptibility was measured by a mutual inductance method with an ac field (0.6 mOe, 1.2 kHz) using a dilution refrigerator at 0.03
We also utilized the ac and dc signal output of a SQUID probe in the dilution refrigerator measured under a respective ac field (1 mOe, 32 Hz) and dc field (100 mOe) applied along [110] . For the SQUID measurements, the earth's magnetic field was eliminated by using a Nb superconducting (SC) shield covered with a µ-metal tube. As a reference superconductor, Al was put in the canceling coil wound in reverse to the pickup coil used for PrTi 2 Al 20 . The specific heat C P down to T = 0.4 K was measured by a thermal relaxation method. The 4f contribution, C 4f , was estimated by subtracting C P of the La analog, LaTi 2 Al 20 from C P of PrTi 2 Al 20 . by using the CEF parameters determined by inelastic neutron scattering experiment 18) (broken line, arbitrary unit) only saturates to a constant value at high T and thus the − ln T dependence should come from the Kondo effect. 14) On further cooling, ρ 4f
shows T 2 dependence below 20 K where Γ 3 quadrupolar degree of freedom dominates (solid line in Fig. 1 ). In the same T range, the 4f electron contribution to the specific heat divided by temperature, C 4f /T , shows nearly constant behavior with the value γ ∼ 100 mJ/mole K 2 (Inset of Fig 1, open Field suppression of the superconductivity was investigated using the acsusceptibility measurements. Figure 3 shows the T dependence of the upper critical field B c2 of the SC phase. Here, the critical temperature and field were defined as the onset of the anomaly of the susceptibility as a function of temperature (solid symbol in Fig. 3) and field (open symbol) (Inset of Fig. 3 ). The peak around T c observed under B > 0.1 Oe is attributable to differential paramagnetic effect (DPE), 24) which implies that pinning of magnetic flux in the mixed state is weak because of high quality of the crystal. The height of DPE is much smaller than diamagnetic signal of Meissner effect, consistent with the type-II superconductivity, which will be discussed below.
The extrapolation of the T dependence of B c2 provides a rough estimate of the zero temperature values, B c2 (0) ∼ 6 mT.
Two pair-breaking mechanisms are known as the origin of the critical field, namely, orbital depairing and paramagnetic effects. First, orbital critical fields can be evaluated based on the Werthamer-Helfand-Hohenberg (WHH) model. 25, 26) The model well fits the observed curve below ∼150 mK (Fig. 3, solid curve) . Because of the concave curve found above T ∼150 mK, the best fit was obtained with the following parameters: a slightly lower T c = 0.183 K and a higher gradient at T c , B ′ c2 ≡ dB c2 /dT ∼ −47 mT/K than those observed in experiment. The fitting yields the orbital critical field at absolute zero in the clean limit, B Such concave curve of B c2 (T ) has also been observed in various superconductors, and has been discussed theoretically based on various mechanisms. For the superconductivity of PrTi 2 Al 20 , which is in clean limit as we will discuss, and appears in the ferroquadrupolar state in a 3D compound, the multi-band effect is a likely origin. , which has also a nonmagnetic cubic Γ 3 ground doublet. 7, 8) In PrIr 2 Zn 20 , the superconductivity emerges at 50 mK in the antiferroquadrupolar phase whose ordering temperature is T Q = 0.11 K. The critical field has not been precisely determined, but is known to be < 20 Oe. 
